Objective: To develop an objective method for assessing nociceptive behavior in an animal model of capsaicin-induced intraoral pain. Changes in nociceptive responses were also examined after injury to the inferior alveolar nerve (IAN). 
Introduction
Assessing pain levels arising from an orofacial region in animal studies is essential for elucidating the mechanisms for the pathophysiology of orofacial pain syndromes including trigeminal neuralgia, burning mouth syndrome, and temporomandibular disorders. A widely used behavioral model of facial pain employs the formalin test [1] [2] [3] [4] .
A subcutaneous injection of a formalin solution into the face of a rat has been shown to induce the early and late phases of intense grooming activity towards the injected area.
A previous study also demonstrated that capsaicin treatment in the orofacial region produced similar face grooming behavior 5 . In spite of the clinical prevalence of pain originating from intraoral tissues, experimental models to assess nocifensive behavior following intraoral noxious stimulation have not yet been established. Therefore, an appropriate experimental model must be established to develop effective treatments for atypical orofacial pain. The experimental manipulation of intraoral tissues is particularly difficult in awake-behaving animals. A lightly anesthetized rat model was shown to permit the assessment of spinal nocifensive behaviors similar to those of unanesthetized rats [6] [7] [8] [9] .
The use of capsaicin as a noxious stimulus offers several advantages, and is now a widely used tool to study pain mechanisms in both humans and animals. Capsaicin is known to be a specific excitant of C-and A-fibers that convey nociceptive signals 10, 11 .
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Previous studies demonstrated that capsaicin bound to the transient receptor potential (TRP) vanilloid 1 (TRPV1) channel and induced cation influx in peripheral nerve fiber terminals 12, 13 . Human models of capsaicin-induced pain and hyperalgesia are now available, allowing for correlations between animal and human studies [14] [15] [16] [17] [18] .
Previous studies reported that thermal or mechanical noxious stimulation applied to peripheral tissue induced an intense c-Fos protein-like immunoreactivity in the spinal dorsal horn with somatotopic represented manner 19, 20 . It has been shown that increasing the intensity of thermal or mechanical stimulation of the facial skin correlated to an increase in the magnitude of c-Fos protein-like immunoreactivity in the medullary dorsal horn (MDH) [21] [22] [23] . 
Behavioral testing
We examined the effect of various doses of capsaicin (0.001, 0.01, 0.1, 1, 10, and 100 µg) on behavioral responses (n = 6 for each dose). Rats were lightly anesthetized by an i.p. injection of pentobarbital sodium (20 mg/kg). These rats had corneal and flexion reflexes, but not voluntary movement. A video camera was used to record the 8 nociceptive response to the intraoral capsaicin treatment. Capsaicin (Wako Co., Japan) was dissolved at 1.5% in a vehicle consisting of 10% ethanol, 10% Tween 80, and 80%
saline, and was then diluted with distilled water to yield the final concentrations. A 10 µl volume of diluted capsaicin was applied to the dorsal surface of the tongue using a micropipette. Care was taken to prevent the micropipette tip from contacting tissue other than the lingual surface. Following the intraoral application of capsaicin, animals were monitored for nociceptive behavior over a 10 min period. The rats exhibited vigorous licking behavior, i.e., quick movement of the tongue licking intra-and perioral tissues after the application of capsaicin, which continued with or without brief (< 5 sec)
intervals. Since this behavior started shortly after the capsaicin application and lasted for several minutes, evaluation the nociceptive response was based on measurement of two parameters; i.e., 1) latency of the onset of licking behavior after the application of capsaicin and 2) the duration of licking (the time period between the onset and termination of licking). Licking behavior rarely reappeared after an interval longer than 5 sec. The termination of licking was determined when the rats showed no more licking behavior for over 5 sec. The behavioral test was performed by an investigator who was blinded to the group assignment of the rat.
Immunohistochemistry
We also examined the effect of intraoral capsaicin (0, 1, 10, and 100 µg) on the induction of c-Fos protein-like immunoreactivity in the MDH (n = 5 for each dose).
Larger doses of capsaicin (10, and 100 µg) was lethal in lightly anesthetized rats and the most rats could not survive for an hour. Therefore, different groups of animals were examined for c-Fos protein-like immunoreactivity after the intraoral application of capsaicin with deep anesthesia. Rats were anesthetized by an i.p. injection of pentobarbital sodium (40-50 mg/kg) and a 10 µl volume of diluted capsaicin or a vehicle was applied to the dorsal surface of the tongue using a micropipette. Two hours after the application, rats were re-anesthetized and perfused transcardially with saline Alternate series of free-floating sections were processed for immunohistochemistry for the c-Fos protein using the peroxidase anti-peroxidase (PAP) method, as described previously 24 . Briefly, sections were incubated for 1 h with 0.3% H2O2 in 80% methanol to quench endogenous peroxidase activity. After incubation with 3% normal goat serum 
Statistical analysis
Five animals were included in each group for the histochemical experiments, and 6 animals were included in each group for the behavioral analysis. Results are presented as the mean  SEM. Statistical analysis was performed using a one-way analysis of variance (ANOVA) followed by the post-hoc Tukey-Kramer test or Student's t-test. The criterion used to determine significance was P < 0.05.
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Results
Nociceptive responses by the intraoral application of capsaicin
Animals maintained on light anesthesia displayed no spontaneous movements prior to being stimulated. Vigorous licking behavior was observed following the intraoral application of diluted capsaicin, which diminished within several minutes. Although rubbing of the mouth with the forepaw, head rotation, and hindpaw flinching were occasionally observed, licking was the only reliable and reproducible response in lightly anesthetized rats. The effects of various doses of capsaicin were assessed to investigate whether licking behavior was directly related to the intensity of noxious stimulation. Table 1 of capsaicin were significantly shorter than that by the 1µg dose ( Fig. 1 ) (n = 6 for each group). Furthermore, the durations of licking by the 10 and 100 µg doses of capsaicin were significantly longer than that by the 1µg dose (Fig. 1) . Taken together, these results demonstrate that licking behavior is directly related to the degree of noxious input. (Fig. 2) . The application of larger doses of capsaicin (1, 10 and 100 µg) induced c-Fos protein-like immunoreactivity in the MDH on both sides (Fig. 2) . These neurons were distributed densely in the dorsomedial 1/3 of the superficial laminae of the rostral MDH ( Fig. 2A, B) . A smaller number of Fos-LI neurons were also found in the deep laminae of the MDH. Along the rostro-caudal axis, they were concentrated at 0.0-3.0 mm caudal to the obex ( 3). A slight increase was also observed in the deep laminae.
Induction of c-
Effect of the IAN injury on the licking behavior and c-Fos inducibility evoked by intraoral capsaicin
All rats showed nociceptive responses following the application of 1µg capsaicin. 
Discussion
The present study showed that the intraoral application of capsaicin produced reproducible nociceptive behavior and induced Fos-LI neurons in the MDH. The magnitudes of both behavioral activity and the c-Fos response from the 10 and 100 µg doses of capsaicin were significantly greater than that by the 1µg dose. Moreover, the injury to the IAN exaggerated nociceptive behavior and the c-Fos response evoked by the intraoral application of capsaicin.
In this study, the nociceptive behavior evoked by intraoral capsaicin was examined in lightly anesthetized rats. Previous studies demonstrated that a lightly anesthetized rat model permitted the assessment of nocifensive behaviors similar to those of unanesthetized rats [6] [7] [8] [9] . An advantage of this lightly anesthetized rat model is that experimental conditions could be reliably manipulated. This model allowed us to apply capsaicin solution intraorally, which cannot be easily achieved in awake animals.
Our results revealed reproducible nociceptive effects of intraoral capsaicin. Larger doses of capsaicin resulted in an increase in the incidence of licking behavior. The licking latency was significantly reduced within a range of 1 to 100 µg, and the duration of licking was significantly prolonged with an increase in the doses of capsaicin applied.
These results were consistent with previous reports showing a similar positive correlation with doses up to 1.6 µg using the paw capsaicin test in mice 25 . Previous 18 studies also demonstrated that the magnitude of pain sensation in humans correlated with the concentration of capsaicin 16, 26, 27 . A recent study using Orofacial Pain Assessment Device (OPAD) showed that capsaicin applied to the cheeks induced nociceptive behavior in awake rats 28 .
The distribution of Fos-LI neurons in the medullary and spinal dorsal horns following noxious mechanical and thermal stimulation was shown to be somatotopically organized, and the number of these neurons increased in a stimulus intensity-dependent A growing body of evidence has indicated that peripheral nerve injury induces abnormal pain sensation such as hyperalgesia and allodynia 34 . In addition to the pain as a direct result of the injury itself, aberrant chronic pain was shown to manifest 19 outside as well as within the peripheral territory of the injured nerve 21, 24, 35 . 
